1. Introduction {#sec1-jcm-08-01013}
===============

Nonalcoholic fatty liver disease (NAFLD) is defined as the presence of hepatic steatosis with no secondary causes of hepatic fat accumulation, such as significant alcohol consumption \[[@B1-jcm-08-01013]\]. NAFLD has become a leading cause of chronic liver disease in Western countries \[[@B2-jcm-08-01013],[@B3-jcm-08-01013]\]. A similar high prevalence of NAFLD has been reported in Asia, including South Korea, with a global prevalence of 25.2% \[[@B2-jcm-08-01013],[@B4-jcm-08-01013]\]. NAFLD may progress to cirrhosis and is known to be an important cause of cryptogenic cirrhosis, and even hepatocellular carcinoma \[[@B3-jcm-08-01013]\]. Furthermore, lean individuals with NAFLD (lean NAFLD), who are characterized by a severe histological phenotype similar to obese subjects, have received attention recently \[[@B5-jcm-08-01013]\]. Lean NAFLD was known to be associated with an increased risk of all-cause mortality as well as metabolic syndrome \[[@B6-jcm-08-01013]\]. Therefore, the economic and clinical burden of NAFLD is growing rapidly worldwide.

Despite the high prevalence of NAFLD, there is no well-established treatment except for weight loss \[[@B1-jcm-08-01013],[@B7-jcm-08-01013]\]. The weight loss required for the improvement of steatosis is known to be 3--10% of body weight, which can be achieved either by hypocaloric diet alone or in conjunction with increased physical activity \[[@B1-jcm-08-01013]\]. There is increasing evidence that individuals with lower physical activity are at higher risk of NAFLD \[[@B8-jcm-08-01013],[@B9-jcm-08-01013],[@B10-jcm-08-01013],[@B11-jcm-08-01013],[@B12-jcm-08-01013],[@B13-jcm-08-01013]\]. However, controversy remains regarding the independent association between physical activity and NAFLD regardless of other factors, such as obesity and diet \[[@B9-jcm-08-01013],[@B11-jcm-08-01013],[@B12-jcm-08-01013],[@B13-jcm-08-01013]\]. Furthermore, many previous studies had a small number of participants or did not adjust for confounders such as diet and central obesity.

To date, large-scale studies to clarify that physical activity is independently associated with NAFLD or lean NAFLD are limited. Additionally, to the best of our knowledge, no previous study has examined the independent association of physical activity with the level of aminotransferases, which can be an indicator of liver damage. Accordingly, the aim of the present study was to evaluate the independent association of physical activity with NAFLD and lean NAFLD in the Korean general population, adjusting for lifestyle confounders and comorbidities. We also aimed to investigate the association of physical activity with the level of aminotransferases in participants with NAFLD.

2. Materials and Methods {#sec2-jcm-08-01013}
========================

2.1. Study Participants {#sec2dot1-jcm-08-01013}
-----------------------

The present study used the fourth, fifth, and sixth Korea National Health and Nutrition Examination Surveys (KNHANES) database. The KNHANES Data were obtained by household interviews and standardized physical examinations administered at mobile examination centers. A nationally representative sample of the noninstitutionalized Korean general population was collected by applying a stratified, multistage, clustered probability sampling method. The KNHANES was conducted by the Korean Centers for Disease Control and Prevention and the database is available in Korean \[[@B14-jcm-08-01013]\].

A total of 58,423 participants were recruited in KNHANES from 2007 to 2013. Among the 58,423 participants, the study population consisted of 36,838 participants aged ≥ 20 years who completed the comprehensive health surveys and examinations ([Figure 1](#jcm-08-01013-f001){ref-type="fig"}). We excluded 4447 participants for the following reasons: (1) significant alcohol consumption of ≥30 g/day for men and ≥20 g/day for women (*n* = 2984) \[[@B1-jcm-08-01013]\]; (2) positive serologic markers for hepatitis B (*n* = 1426); (3) diagnosed with hepatitis C by a doctor and/or use of medication for hepatitis C (*n* = 87); (4) diagnosed with liver cirrhosis by a doctor and/or use of medication for liver cirrhosis (*n* = 107); (5) diagnosed with liver cancer by a doctor and/or use of medication for liver cancer (*n* = 44); and (6) self-reported current pregnant state (*n* = 235). Since some individuals met more than one exclusion criterion, the final number of participants for this study was 32,391 (12,769 men and 19,622 women). The Institutional Review Board at the Korea Centers for Disease Control and Prevention approved the protocol. The ethical approval of our hospital was waived for the current study using publicly available data.

2.2. Definition of NAFLD {#sec2dot2-jcm-08-01013}
------------------------

Due to the lack of imaging studies for liver in KNHANES, NAFLD was defined using a previously validated fatty liver prediction model: hepatic steatosis index (HSI) \[[@B15-jcm-08-01013],[@B16-jcm-08-01013]\]. HSI was calculated according to the following formula: HSI = 8 × alanine aminotransferase (ALT)/aspartate aminotransferase (AST) + BMI (+2, if diabetes mellitus; +2, if female). An HSI \>36.0 was used as a surrogate of NAFLD. With a cutoff point \>36.0, the HSI could detect NAFLD with a specificity of 93.1% and a positive likelihood ratio of 6.5 \[[@B15-jcm-08-01013]\].

2.3. Physical Activity Assessment {#sec2dot3-jcm-08-01013}
---------------------------------

Health-related physical activity was evaluated by a validated Korean version of the International Physical Activity Questionnaire Short Form (IPAQ-SF) \[[@B17-jcm-08-01013],[@B18-jcm-08-01013]\]. IPAQ-SF assesses physical activity during the last 7 days by measuring the frequency and duration of walking and moderate to vigorous activity across all contexts (i.e., work, transport, household, and leisure). Physical activity was assessed by categories for health (health-enhancing physical activity (HEPA)) into three levels: HEPA active (reaching recommendations for HEPA, sufficiently active), minimally active, and inactive \[[@B18-jcm-08-01013]\]. The HEPA active category meets either of two criteria: (1) vigorous activity at least 3 days/week and accumulating at least 1500 metabolic equivalents (METs)-minutes per week (MET-min/week); or (2) 7 or more days/week of any combination of walking, moderate, or vigorous activities accumulating at least 3000 MET-min/week. The minimally active category meets either of the following 3 criteria: (1) 3 or more days/week of vigorous activity of at least 20 min/day; (2) 5 or more days/week of moderate-intensity activity and/or of walking of at least 30 min/day; or (3) 5 or more days/week of any combination of walking, moderate, or vigorous activities achieving a minimum of 600 MET-min/week. The inactive category meets neither the HEPA active nor minimally active criteria. Continuous scores (MET-min/week) were calculated according to the published formula \[[@B18-jcm-08-01013]\].

2.4. Clinical and Biochemical Measurements {#sec2dot4-jcm-08-01013}
------------------------------------------

BMI (kg/m^2^) was calculated as the individual's weight divided by the square of the height. Lean was defined as individuals with a BMI ≤25 kg/m^2^ \[[@B5-jcm-08-01013],[@B19-jcm-08-01013]\]. Central obesity was defined by waist circumference using a cutoff point of 90 cm for men and 85 cm for women, which was previously determined in Koreans \[[@B20-jcm-08-01013]\]. The mean daily alcohol intake was calculated from the questionnaires that recorded the frequency of drinking days and the number of drinks consumed per drinking day. The amount of alcohol consumption was also scored by the Alcohol Use Disorders Identification Test in Korea. Daily total calorie intake (kcal/day) was obtained using the 24 h recall method by trained dieticians. Sleep duration (hours/day), smoking habits (current, past, or never), and education level (≤6, 7--9, 10--12, \>12 years) were recorded.

Venous blood samples were obtained after the participants had fasted for at least 8 h. Serum samples were immediately processed and transported to a certified laboratory, where they were analyzed within 24 h. An ADIVIA 1650 analyzer (Siemens, Washington, DC, USA) of Seoul Medical Science Institute (Seoul, Korea) in 2007 and Hitachi automatic analyzer 7600 (Hitachi, Tokyo, Japan) of Neodin Medical Institute (Seoul, Korea) in 2008--2013 were used for measurement of ALT and AST. Both analyzers employed the α-ketoglutarate reaction. The upper limit of normal ALT level was defined as 34 U/L in men and 24 U/L in women, and the upper limit of normal AST was defined as 32 U/L in men and 26 U/L in women, as previously determined from 411,240 Korean blood donors \[[@B21-jcm-08-01013]\].

2.5. Statistical Analysis {#sec2dot5-jcm-08-01013}
-------------------------

The characteristics of the participants according to the status of physical activity and NAFLD were compared using analysis of variance (ANOVA) or Student's *t*-test for continuous variables and the Chi-square test for categorical variables. The association between the physical activity category and NAFLD or lean NAFLD was analyzed by multivariable logistic regression models. To further investigate the relationship between physical activity and liver function, the association between the level of physical activity and aminotransferases (ALT and AST) was assessed among the participants with NAFLD. Since categorization of a variable can lead to the loss of information, we used the aminotransferase level as both continuous and dichotomous variables. The adjusted mean aminotransferases levels according to the physical activity level were obtained using general linear models. Multivariable logistic regression analyses were used to determine the independent association between physical activity category and abnormal elevation of aminotransferase levels by using previously defined cut-off values \[[@B21-jcm-08-01013]\]. During analyses, five models were fitted to gradually reduce confounding associations. The baseline model (model 1) was adjusted for age and sex. BMI was added sequentially after age and sex in model 2. Lifestyle variables (total calorie intake, sleep duration, smoking, alcohol, education level) were added to model 3, and comorbidities (diabetes mellitus (DM), cardiovascular disease, hypertension, and arthritis) were further added to model 4, and finally central obesity was added to model 5, according to their established associations with physical activity and NAFLD and clinical relevance \[[@B3-jcm-08-01013],[@B9-jcm-08-01013],[@B10-jcm-08-01013],[@B12-jcm-08-01013],[@B16-jcm-08-01013],[@B22-jcm-08-01013],[@B23-jcm-08-01013],[@B24-jcm-08-01013],[@B25-jcm-08-01013],[@B26-jcm-08-01013]\]. All analyses were performed by the complex sample procedures of SPSS (version 24; IBM/SPSS Inc., Armonk, NY, USA) to account for the complex sampling design.

3. Results {#sec3-jcm-08-01013}
==========

3.1. Characteristics of Participants {#sec3dot1-jcm-08-01013}
------------------------------------

The baseline characteristics of the study participants according to the physical activity level and the presence of NAFLD are presented in [Table 1](#jcm-08-01013-t001){ref-type="table"} and [Table 2](#jcm-08-01013-t002){ref-type="table"}, respectively. Of the study participants, the unweighted prevalence of NAFLD assessed by HSI was 21.5% (6968/32,391). The weighted prevalence of NAFLD was 22.3% (SE, 0.3%) in the Korean community-dwelling population aged ≥20 years. The inactive participants were more likely to be older and female as well as to have a lower BMI and lower daily calorie intake than the HEPA active participants. Moreover, inactive individuals showed an increased proportion of NAFLD, lean NAFLD, central obesity, and other comorbidities compared with HEPA active participants. On the other hand, participants with NAFLD were more likely to be older and male as well as to have a higher BMI, central obesity, and higher daily calorie intake than the non-NAFLD participants. In addition, participants with NAFLD were more likely to have comorbidities than non-NAFLD participants. In particular, DM showed a strong association with NAFLD with an unadjusted OR of 4.7 (95% CI, 4.3--5.2; *p* \< 0.001).

3.2. Association between Physical Activity and NAFLD {#sec3dot2-jcm-08-01013}
----------------------------------------------------

[Table 3](#jcm-08-01013-t003){ref-type="table"} shows the negative association between physical activity level and the presence of NAFLD or lean NAFLD (for the ORs of adjusted variables other than physical activity see [Supplementary Tables S1 and S2](#app1-jcm-08-01013){ref-type="app"}). A higher physical activity level (HEPA active) was independently associated with a lower risk of NAFLD and lean NAFLD than inactive physical activity. The risk of NAFLD was significantly lower in minimally active subjects compared with that in inactive subjects in the age- and sex-adjusted model (adjusted OR, 0.9; 95% CI, 0.8--0.97; in model 1). However, further adjustment for BMI made this association nonsignificant (adjusted OR, 0.9; 95% CI, 0.8--1.03; in model 2). The risk of NAFLD in minimally active participants compared with that in inactive participants remained nonsignificant in further adjusted models (models 3--5). The risk of lean NAFLD was significantly lower in minimally active lean individuals than in inactive lean individuals (adjusted OR, 0.8; 95% CI, 0.6--0.98; in model 5).

3.3. Association between Physical Activity and Aminotransferases in NAFLD Participants {#sec3dot3-jcm-08-01013}
--------------------------------------------------------------------------------------

As shown in ([Figure 2](#jcm-08-01013-f002){ref-type="fig"}A), the weighted multivariable-adjusted mean ALT levels were significantly lower in HEPA active participants with NAFLD than in minimally active and inactive participants with NAFLD (34.0 ± 1.2 in HEPA active; 36.7 ± 1.3 in minimally active; 37.5 ± 1.2 in inactive participants; *p* = 0.018). However, the multivariable-adjusted mean AST levels were not different according to the physical activity level (([Figure 2](#jcm-08-01013-f002){ref-type="fig"}B); 25.4 ± 0.7 in HEPA active; 25.8 ± 0.7 in minimally active; 26.0 ± 0.6 in inactive participants; *p* = 0.517). The associations between physical activity level and abnormal elevations in ALT and AST are presented in [Table 4](#jcm-08-01013-t004){ref-type="table"} (for the ORs of adjusted variables other than physical activity see [Supplementary Tables S3 and S4](#app1-jcm-08-01013){ref-type="app"}). Physical activity level was independently associated with an abnormal elevation in ALT but not with that in AST. HEPA active participants showed a significantly lower risk for abnormal ALT levels than inactive participants across all 5 models.

4. Discussion {#sec4-jcm-08-01013}
=============

This study aimed to investigate the independent association of health-related physical activity with NAFLD and aminotransferase levels using a nationally representative database. The present study demonstrated that the sufficiently active participants who reached the HEPA active category had a lower risk of NAFLD and lean NAFLD than that of the most inactive participants after adjustment for multiple important confounders, such as obesity and diet. The intermediate level of physical activity was not associated with a lower risk of NAFLD but was associated with that of lean NAFLD. Furthermore, physical activity level showed an independent negative association with ALT levels but not with AST levels among participants with NAFLD. The HEPA active physical activity was independently associated with 3.5 IU/L lower mean ALT levels and 0.8-fold lower OR of abnormal ALT (defined as \>34 IU/L in men or \>24 IU/L in women) compared with inactive physical activity.

Our results indicate that a low physical activity level was independently associated with the presence of NAFLD. Several previous cross-sectional studies have reported the independent inverse association between physical activity and NAFLD \[[@B9-jcm-08-01013],[@B11-jcm-08-01013]\]. Nevertheless, studies suggesting that obesity may be a mediator of the physical activity--NAFLD association have also been published \[[@B12-jcm-08-01013],[@B13-jcm-08-01013]\]. The findings from a recent cross-sectional study in a Korean middle-aged population showed similar results in that decreased physical activity levels were positively associated with the prevalence of NAFLD, with prevalence ratios of 0.8 (95% CI, 0.8--0.8) for NAFLD comparing HEPA active participants to inactive participants \[[@B10-jcm-08-01013]\]. However, the effect estimates of the highest physical activity (HEPA active) on NAFLD were higher in our study (OR, 0.7; 95% CI, 0.6--0.8) than in the previous study. The difference in effect size may be due to the differences in the study population. While the previous study included middle-aged participants who visited the healthcare center, our study included community-dwelling individuals of all age groups over 19 years.

A dose--response relationship does not seem to be established in the association of physical activity and NAFLD due to the mediating effect of obesity. In the current study, only the most active individuals (HEPA active) had a significant reduction in the risk of NAFLD, and those who were minimally active did not benefit from this risk reduction. The minimally active participants were found to have a lower risk of NAFLD than the inactive participants in the age- and sex-adjusted model. However, further adjustment for BMI abrogated this association, which suggests that a low risk of NAFLD associated with minimal physical activity was mediated by its effect on BMI, such as weight reduction by physical activities. Furthermore, the risk of lean NAFLD was significantly lower in HEPA active and even minimally active individuals than in inactive lean individuals, with a lower OR than that in all study participants. Therefore, these finding of our study are partially consistent with the previous study's finding that obesity may be a mediator of physical activity and the NAFLD association \[[@B12-jcm-08-01013],[@B13-jcm-08-01013]\].

The biological basis of the negative association between a high level of physical activity and a low risk of NAFLD is not well understood. One classic explanation is that physical activity can affect NAFLD by improving obesity or reducing body weight \[[@B27-jcm-08-01013]\]. However, physical activity may have a direct effect on improving hepatic lipid metabolism and insulin sensitivity, independent of weight loss \[[@B28-jcm-08-01013]\]. A possible explanation is that the activation of AMP-kinase in the liver by exercise increases fatty acid oxidation and decreases glucose production \[[@B29-jcm-08-01013]\]. A previous animal study also suggested that daily exercise may decrease liver fat by reducing the activity of key enzymes of hepatic lipid synthesis, including acetyl coenzyme A carboxylase \[[@B30-jcm-08-01013]\]. Enhanced fat oxidation leading to improvement in insulin sensitivity by physical activity is also considered a potential mechanism. Our results documenting the independent association between sufficient physical activity and NAFLD after adjusting for BMI also support this direct effect of exercise on the liver. Interestingly, the prevalence of DM was significantly higher in participants with NAFLD (20.7% vs. 5.3%, *p* \< 0.001; [Table 2](#jcm-08-01013-t002){ref-type="table"}) in the current study, suggesting that NAFLD and DM may share common pathophysiologic mechanisms, such as insulin resistance affected by physical activity.

Although physical activity is independently associated with NAFLD, obesity is still a well-established risk factor of NAFLD and can modulate the association between physical activity and NAFLD \[[@B7-jcm-08-01013],[@B12-jcm-08-01013],[@B13-jcm-08-01013]\]. Specifically, obesity may be an important mediator of the association between NAFLD and physical activity in minimally active and inactive individuals. The current study also found that lean individuals had additional benefit from an intermediate level of physical activity. A small amount of physical activity could contribute to lower the risk of NAFLD in lean individuals, unlike in obese individuals. In addition, a higher BMI was significantly associated with the NAFLD, lean NAFLD, and abnormal levels of ALT and AST in the current study ([Supplementary Tables S1--S4](#app1-jcm-08-01013){ref-type="app"}, respectively). Recent studies have shown the effectiveness of bariatric surgery to improve NAFLD by providing sustained long-term weight loss \[[@B31-jcm-08-01013],[@B32-jcm-08-01013]\]. Therefore, losing weight by lifestyle change and/or bariatric surgery may be a synergistic therapy to improve the effects of physical activity on NAFLD \[[@B7-jcm-08-01013]\].

As far as we know, there are few reports regarding the independent association of physical activity with the level of aminotransferases in patients with NAFLD. In this study, a higher physical activity level was associated with a lower level of ALT but not with AST regardless of using continuous ([Figure 2](#jcm-08-01013-f002){ref-type="fig"}) or dichotomous ([Table 4](#jcm-08-01013-t004){ref-type="table"}) values of aminotransferases. This selective association of physical activity with ALT levels highlights the effect of physical activity on the liver because ALT is considered more sensitive and specific for the liver than AST \[[@B33-jcm-08-01013]\]. In addition, ALT levels were significantly low only in HEPA active participants, which suggests that sufficient physical activity reaching the HEPA active category may be associated with an improvement in hepatocellular injury in individuals with NAFLD. A recent meta-analysis reported that physical activity, independent of diet change, was associated with a significant reduction in intrahepatic lipid content (standardized mean difference, −0.69) and with reductions in ALT (weighted mean difference, −3.30 IU/L) and AST (weighted mean difference, −4.85 IU/L) in patients with NAFLD \[[@B34-jcm-08-01013]\]. Therefore, the underlying mechanism of the independent association between high physical activity and low ALT levels may be the reduction of intrahepatic fat by physical activity. Furthermore, improving blood glucose control and enhanced resistance to oxidant stress by physical activity may also contribute to the low ALT levels \[[@B35-jcm-08-01013]\].

The optimal intensity and duration of physical activity required to be most beneficial to NAFLD remain to be determined. Since IPAQ-SF measures both the intensity and duration of aerobic activity, HEPA active participants are the most active individuals attaining at least 1500 MET-min/week of aerobic activity. Therefore, the results of our study indicate that the highest level of physical activity is required to lower the risk of NAFLD since the risk of NAFLD was not significantly decreased in the minimally active participants with intermediate levels of physical activity. However, in lean individuals, intermediate levels of physical activity can be beneficial to some degree to lower the risk of NAFLD. Furthermore, among the individuals with NAFLD, HEPA active participants also had the benefit of lower levels of ALT. Taken together, the results show that the physical activity level that meets the criteria of the HEPA active category could be considered as the optimal level of physical activity, which is associated with a low risk of NAFLD and nonalcoholic steatohepatitis, independent of obesity, diet, and comorbidities. The aerobic exercise programs meeting the HEPA active category can be prescribed among community-dwelling patients with NAFLD, emphasizing that an intermediate level of exercise program can be also beneficial in lean subjects with NAFLD. The results of our study are consistent with those of several other studies that have suggested the importance of high levels of physical activity in NAFLD \[[@B8-jcm-08-01013],[@B36-jcm-08-01013],[@B37-jcm-08-01013]\].

The strength of the current study was the complex sampling design that can represent the general Korean population. Furthermore, we have considered various important confounding variables for NAFLD (e.g., BMI, central obesity, total calorie intake, lifestyle factors, and comorbidities) in addition to age and sex. However, our study has several limitations that should be acknowledged. First, the HSI was used as a surrogate for the diagnosis of NAFLD without an imaging test. However, the prevalence of NAFLD in our study (22.3%) is within the range of global prevalence (22--29% in the general population) \[[@B4-jcm-08-01013]\] and is comparable to that of the previous study based on imaging-based diagnosis in the same country (28.2%) \[[@B10-jcm-08-01013]\]. In addition, the HSI had been reliably employed in previous studies using KNHANES data \[[@B16-jcm-08-01013]\]. Second, this study is a cross-sectional study that has the inherent limitations of not clarifying causal relationships. Future longitudinal cohort studies and randomized controlled trials are needed to elucidate the underlying causal relationships between physical activity and NAFLD. Third, although we included established confounders and used multiple progressively adjusted models, there may be unknown conditional associations between variables. We had to employ relatively old data since the necessary data for physical activity could not be obtained from recent surveys. In addition, because physical activity was assessed by questionnaires, misclassification or misreporting is possible. Finally, although the results of this study showed that physical activity is significantly associated with NAFLD, it is difficult to suggest what kind of physical activity is helpful and how long we should continue. Since IPAQ-SF assesses the aerobic activity, the role of resistance exercise could not be unveiled.

5. Conclusions {#sec5-jcm-08-01013}
==============

In conclusion, the level of physical activity is negatively associated with NAFLD and lean NAFLD independent of obesity and diet in Korean adults. Among the participants with NAFLD, the level of physical activity is also negatively associated with ALT levels independent of obesity and diet. The highest level of physical activity (HEPA active category) is required to benefit from these lower risks of NAFLD and ALT elevation. The lean adults have an additional benefit of lower risk of NAFLD from the intermediate level of physical activity.

In this section you can acknowledge any support given which is not covered by the author contribution or funding sections. This may include administrative and technical support, or donations in kind (e.g., materials used for experiments).

The following are available online at <https://www.mdpi.com/2077-0383/8/7/1013/s1>, Table S1: Sociodemographic, lifestyle, and clinical correlates for NAFLD, Table S2: Sociodemographic, lifestyle, and clinical correlates for lean NAFLD, Table S3: Sociodemographic, lifestyle, and clinical correlates for abnormal levels of ALT among participants with NAFLD, Table S4: Sociodemographic, lifestyle, and clinical correlates for abnormal levels of AST among participants with NAFLD.

###### 

Click here for additional data file.

Conceptualization, D.K.J. and Y.H.K.; Data curation, J.S.L. and Y.H.K.; Formal analysis, D.K.J. and Y.H.K.; Investigation, D.K.J.; Methodology, J.S.L. and Y.H.K.; Project administration, D.K.J. and Y.H.K.; Resources, J.S.L.; Software, J.S.L.; Supervision, J.K.L. and Y.H.K.; Validation, D.K.J. and J.K.L.; Visualization, D.K.J.; Writing---original draft, D.K.J. and Y.H.K.; Writing---review and editing, J.S.L., J.K.L. and Y.H.K.

The authors declare no conflict of interest.
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jcm-08-01013-t001_Table 1

###### 

Characteristics of participants by physical activity level (*n* = 32,391).

  ---------------------------------------------------------------------------------------------------------
                                    HEPA Active\    Minimally Active\   Inactive\        *p* for Trend \*
                                    (*n* = 8087)    (*n* = 11,112)      (*n* = 13,192)   
  --------------------------------- --------------- ------------------- ---------------- ------------------
  Age (years)                       44.0 ± 0.3      44.9 ± 0.2          47.0 ± 0.2       \<0.001

  Male sex (%)                      56.8 (0.7)      44.5 (0.6)          41.1 (0.6)       \<0.001

  BMI (kg/m^2^)                     23.8 ± 0.1      23.4 ± 0.0          23.6 ± 0.0       \<0.001

  Central obesity (%)               21.6 (0.6)      21.9 (0.5)          24.4 (0.5)       \<0.001

  Total calorie intake (kcal/day)   2107.8 ± 15.1   1942.5 ± 11.7       1903.8 ± 10.4    \<0.001

  Sleep duration (h/day)            6.8 ± 0.0       6.8 ± 0.0           6.9 ± 0.0        0.002

  Smoking (%)                                                                            \<0.001

  Never                             52.1 (0.7)      60.2 (0.6)          60.2 (0.5)       

  Past                              22.3 (0.6)      19.8 (0.5)          18.6 (0.5)       

  Current                           25.6 (0.7)      20.0 (0.5)          21.3 (0.5)       

  Alcohol (AUDIT score)             6.4 ± 0.1       5.3 ± 0.1           5.2 ± 0.1        \<0.001

  Education (years)                                                                      \<0.001

  ≤6                                15.1 (0.5)      17.7 (0.5)          22.9 (0.5)       

  7--9                              10.8 (0.4)      9.0 (0.3)           10.6 (0.4)       

  10--12                            44.1 (0.8)      37.2 (0.7)          35.2 (0.6)       

  \>12                              30.0 (0.8)      36.1 (0.7)          31.3 (0.7)       

  Diabetes mellitus (%)             7.4 (0.4)       8.8 (0.4)           9.6 (0.3)        \<0.001

  Cardiovascular disease (%)        2.6 (0.2)       3.5 (0.2)           3.7 (0.2)        \<0.001

  Hypertension (%)                  24.4 (0.6)      24.5 (0.5)          27.0 (0.5)       \<0.001

  Arthritis (%)                     8.9 (0.4)       10.1 (0.3)          12.1 (0.4)       \<0.001

  NAFLD (%)                         21.6 (0.6)      21.7 (0.5)          23.4 (0.5)       0.016

  Lean NAFLD (%)                    2.7 (0.2)       3.9 (0.2)           4.1 (0.2)        \<0.001

  ALT (IU/L)                        21.8 ± 0.3      21.0 ± 0.2          21.8 ± 0.2       0.022

  AST (IU/L)                        22.2 ± 0.2      21.1 ± 0.1          21.6 ± 0.1       \<0.001
  ---------------------------------------------------------------------------------------------------------

Values are the weighted means ± SE or weighted percentage (SE), as appropriate. \* *p* values by analysis of variance for continuous variables and the Chi square test for categorical variables. HEPA, health-enhancing physical activity; BMI, body mass index; AUDIT, Alcohol Use Disorders Identification Test; NAFLD, non-alcoholic fatty liver disease; ALT: alanine aminotransferase, AST: aspartate aminotransferase.

jcm-08-01013-t002_Table 2

###### 

Characteristics of participants by the presence of NAFLD (*n* = 32,391).

  ----------------------------------------------------------------------------
                                    No NAFLD\        NAFLD\          *p* \*
                                    (*n* = 25,423)   (*n* = 6968)    
  --------------------------------- ---------------- --------------- ---------
  Age (years)                       45.4 ± 0.2       45.9 ± 0.2      0.032

  Male sex (%)                      44.5 (0.4)       52.9 (0.8)      \<0.001

  BMI (kg/m^2^)                     22.4 ± 0.0       27.7 ± 0.1      \<0.001

  Central obesity (%)               11.0 (0.3)       63.9 (0.8)      \<0.001

  Total calorie intake (kcal/day)   1961.6 ± 8.2     2001.7 ± 16.0   0.018

  Sleep duration (h/day)            6.9 ± 0.0        6.8 ± 0.0       0.001

  Smoking (%)                                                        \<0.001

  Non                               59.4 (0.4)       53.2 (0.8)      

  Ex                                19.9 (0.3)       20.3 (0.6)      

  Current                           20.7 (0.4)       26.6 (0.7)      

  Alcohol (AUDIT score)             5.5 ± 0.0        5.7 ± 0.1       0.113

  Education (years)                                                  \<0.001

  ≤6                                18.5 (0.4)       21.2 (0.6)      

  7--9                              9.9 (0.3)        11.0 (0.5)      

  10--12                            38.4 (0.5)       37.4 (0.8)      

  \>12                              33.3 (0.5)       30.4 (0.9)      

  Diabetes mellitus (%)             5.3 (0.2)        20.7 (0.6)      \<0.001

  Cardiovascular disease (%)        3.1 (0.1)        4.1 (0.1)       \<0.001

  Hypertension (%)                  21.7 (0.4)       38.4 (0.8)      \<0.001

  Arthritis (%)                     9.7 (0.2)        13.6 (0.5)      \<0.001

  ALT (IU/L)                        17.2 ± 0.1       36.5 ± 0.5      \<0.001

  AST (IU/L)                        20.5 ± 0.1       25.5 ± 0.2      \<0.001

  Physical activity level (%)                                        0.016

  HEPA active                       26.5 (0.4)       25.3 (0.7)      

  Minimally active                  34.5 (0.4)       33.2 (0.7)      

  Inactive                          39.0 (0.5)       41.5 (0.8)      
  ----------------------------------------------------------------------------

Values are the weighted means ± SE or weighted percentage (SE), as appropriate. \* *p* values by Student's *t*-tests for continuous variables and the Chi square test for categorical variables. NAFLD, non-alcoholic fatty liver disease; BMI, body mass index; AUDIT, Alcohol Use Disorders Identification Test; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HEPA, health-enhancing physical activity; MET, metabolic equivalent.
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###### 

Adjusted OR for the independent association of physical activity with NAFLD.

                                                                       Inactive   Minimally Active   HEPA Active      *p* for Trend \*
  -------------------------------------------------------------------- ---------- ------------------ ---------------- ------------------
  NAFLD (vs. No NAFLD, *n* = 32,391)                                                                                  
  Model 1                                                              1.0        0.9 (0.8--0.97)    0.9 (0.8--0.9)   0.001
  Model 2                                                              1.0        0.9 (0.8--1.03)    0.7 (0.6--0.7)   \<0.001
  Model 3                                                              1.0        0.9 (0.8--1.04)    0.7 (0.6--0.8)   \<0.001
  Model 4                                                              1.0        0.9 (0.8--1.03)    0.7 (0.6--0.8)   \<0.001
  Model 5                                                              1.0        0.9 (0.8--1.02)    0.7 (0.6--0.8)   \<0.001
  Lean NAFLD (vs. Lean control subjects without NAFLD, *n* = 22,312)                                                  
  Model 1                                                              1.0        0.9 (0.8--1.1)     0.6 (0.5--0.7)   \<0.001
  Model 2                                                              1.0        0.9 (0.7--1.1)     0.5 (0.4--0.6)   \<0.001
  Model 3                                                              1.0        0.8 (0.7--0.98)    0.5 (0.4--0.6)   \<0.001
  Model 4                                                              1.0        0.8 (0.6--0.97)    0.5 (0.4--0.7)   \<0.001
  Model 5                                                              1.0        0.8 (0.6--0.98)    0.5 (0.4--0.7)   \<0.001

Values are the OR (95% CI). \* *p* values by complex-samples logistic regression model. Model 1, adjusted for age and sex. Model 2, adjusted for model 1 plus BMI. Model 3, adjusted for model 2 plus total calorie intake, sleep duration, smoking, alcohol, education level. Model 4, adjusted for model 3 plus diabetes mellitus, cardiovascular disease, hypertension, arthritis. Model 5, adjusted for model 4 plus central obesity. OR, odds ratio; NAFLD, non-alcoholic fatty liver disease; HEPA, health-enhancing physical activity; BMI, body mass index.
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###### 

Adjusted OR for the independent association of physical activity with abnormal levels \* of ALT and AST among participants with NAFLD (*n* = 6968).

                 Inactive   Minimally Active   HEPA Active      *p* for Trend ^†^
  -------------- ---------- ------------------ ---------------- -------------------
  Abnormal ALT                                                  
  Model 1        1.0        1.0 (0.8--1.1)     0.8 (0.7--0.9)   0.013
  Model 2        1.0        1.0 (0.8--1.1)     0.8 (0.7--0.9)   0.020
  Model 3        1.0        1.0 (0.8--1.1)     0.8 (0.6--0.9)   0.007
  Model 4        1.0        1.0 (0.8--1.2)     0.8 (0.6--0.9)   0.007
  Model 5        1.0        1.0 (0.8--1.1)     0.8 (0.6--0.9)   0.006
  Abnormal AST                                                  
  Model 1        1.0        0.9 (0.8--1.1)     0.9 (0.8--1.1)   0.621
  Model 2        1.0        0.9 (0.8--1.1)     0.9 (0.8--1.1)   0.652
  Model 3        1.0        0.9 (0.8--1.1)     0.9 (0.7--1.1)   0.409
  Model 4        1.0        0.9 (0.8--1.1)     0.9 (0.7--1.1)   0.451
  Model 5        1.0        0.9 (0.8--1.1)     0.9 (0.7--1.1)   0.427

Values are the OR (95% CI). \* Defined as \>34 IU/L in men or \>24 IU/L in women for ALT and \>32 IU/L in men or \>26 IU/L in women for AST. ^†^ *p* values by complex-samples logistic regression model. Model 1 adjusted for age and sex. Model 2, adjusted for model 1 plus BMI. Model 3, adjusted for model 2 plus total calorie intake, sleep duration, smoking, alcohol, education level. Model 4, adjusted for model 3 plus diabetes mellitus, cardiovascular disease, hypertension, arthritis. Model 5, adjusted for model 4 plus central obesity. OR, odds ratio; ALT, alanine aminotransferase; AST, aspartate aminotransferase; NAFLD, non-alcoholic fatty liver disease; HEPA, health-enhancing physical activity; BMI, body mass index.
